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Introduction
In the RAN4#91 meeting, a Way Forward was agreed on channel quality reporting in non-anchor carrier [1]: 

· FFS whether T1 defined in R14 applies for MSG3 DL quality report in non-anchor carriers
· RAN4 shall take into account further RAN1/RAN2 progress on reporting message type details.

In this paper, we reiterate our views on the evaluation periods T1 and T2 and their applicability in non-anchor carrier and also discuss channel quality reporting in connected mode.
MSG3 channel quality report
The anchor carrier DL channel quality report is based on minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH BLER of 1% with parameters defined in Section 6.6.2 of TS 36.133. For anchor carrier, the channel quality is measured in the period T1 or T2 in the carrier where the RAR is transmitted, where
-	T1 is the period before NPRACH transmission used for NRSRP measurement for enhanced coverage level estimation
-	T2 is the period from the beginning of the random access response to the beginning of PUSCH format 1 for DL channel quality reporting.
In the anchor carrier, the presence of NRS is guaranteed to aid the UE in synchronization and camping. Hence, the period T1 as defined above can be used for NRSRP measurement for both coverage enhancement (CE) level selection and DL quality assessment. 
However, the presence of NRS is not guaranteed in non-anchor carrier in T1 period as illustrated in Figure 1. Per Rel-14 specification, up to 15 non-anchor carriers for paging and up to 15 non-anchor carriers for random access can be configured. A non-anchor carrier for paging is not necessarily the same as a non-anchor carrier for random access. Figure 1 illustrates this point. 
Observation 1. A non-anchor carrier for paging is not necessarily the same as a non-anchor carrier for random access.
If non-anchor carrier for random access is not the same as non-anchor carrier for paging, UE will have to perform NRSRP measurement for CE level selection in anchor carrier and then move to non-anchor carrier for access and perform RACH procedure there. This is shown as flow (A) in Figure 1 where green stripes indicate periods when NRS is present. In such scenario, the evaluation period T1 cannot be applied to DL channel quality report in MSG3 of non-anchor carrier as the measurement was done on the anchor carrier that can have completely different interference, load, and channel conditions and can also be separated as far as 20 MHz apart. The evaluation period T2, however, remains applicable as NRS presence is guaranteed in RAR window per specification. 


Figure 1 Illustration of MSG3 DL channel quality assessment

Observation 2. For a scenario where non-anchor carrier for random access is not the same as non-anchor carrier for paging, the evaluation period T1 cannot be applied to DL channel quality report in MSG3 of non-anchor carrier as the measurement in T1 was done on the anchor carrier that can have completely different interference, load, and channel conditions and can also be separated as far as 20 MHz apart. 
Observation 3. The evaluation period T2 remains applicable in non-anchor carrier as NRS presence is guaranteed in RAR window per specification. 
In a scenario where non-anchor carrier for paging and random access are identical, UE may be able to perform NRSRP measurement on the non-anchor carrier in T1 period and use it for DL quality channel reporting in MSG3. In order to do this, UE will need to know the paging occasion (PO) in which NRS is present. This is shown as flow (B) in Figure 1 where green stripes indicate periods when NRS is present. Presence of NRS in paging occasions with no paging NPDCCH transmission is a separate Rel-16 feature that can optionally be enabled by the NW and is still under development in RAN1. 
Observation 4. In a scenario where non-anchor carrier for paging and random access are identical, UE can perform NRSRP measurement on the non-anchor carrier in T1 period for DL quality channel reporting in MSG3 only if UE knows the paging occasions in which NRS is present. However, presence of NRS in paging occasions with no paging NPDCCH transmission is a separate Rel-16 feature that can optionally be enabled by the NW and is still under development in RAN1. 
The current agreements in RAN1 with respect to MSG3 quality reporting are [2]:
· For channel quality report in Msg3 for non-anchor access, RAN1 send LS to RAN2 requesting the following information: 
· Number(s) of available bits for the quality reporting in Msg3
· Whether the quality report in Msg3 is transmitted in RRC or MAC CE
· From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
· For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is 1.
· eNB can enable/disable channel quality report in Msg3 for non-anchor access via SIB
· FFS details
· FFS whether the field in Rel-14 for anchor access is reused 
· For channel quality report in Msg3 on non-anchor access in idle mode, channel quality measurement on the carrier UE monitors to receive Msg2 (i.e. RAR) is supported.
· FFS: Support of network indication of which carrier to use to report Msg3 (e.g. explicit signaling in SI)


Based on the above agreements, it is possible to indicate to UE to report channel quality in MSG3 for either anchor or non-anchor carrier. Given the arguments above, it is proposed to only use evaluation period T2 for MSG3 DL quality report associated with non-anchor carrier. If MSG3 DL quality report in non-anchor carrier is associated with the anchor carrier, then only evaluation period T1 applies. 
Proposal 1. For MSG3 quality reporting in non-anchor carrier, RAN4 to agree to only use 
· evaluation period T2 if quality report is associated with non-anchor carrier.
· evaluation period T1 if quality report is associated with anchor carrier.

Connected mode channel quality report
The current agreements from RAN1/2 for channel quality report in connected mode are [2]:
For channel quality report in connected mode, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%.

For channel quality report in connected mode other than Msg3, UE performs measurement on the carrier it is assigned to monitor in USS for NPDCCH and the associated NPDSCH.
· FFS other carrier(s)

For channel quality report in connected mode other than Msg3, RAN1 assumes the following aspects are decided by RAN2 and RAN4.
· number of candidate values for channel quality reports
· mapping value of reported channel quality
· report in RRC message or MAC CE

The DL channel quality reported in connected mode corresponds to the carrier used for the unicast transmission (i.e. configured by MSG4 or by a subsequent reconfiguration procedure).
eNB enables the reporting of the DL Channel quality in connected mode.
· FFS whether dedicated or broadcast signaling is used for enabling.
Periodic reporting or on-demand reporting are not supported.
DL channel quality reported in connected mode is optional for the UE.
Working assumption that the same code points as Msg3 reporting is used.
FFS whether MAC or RRC is used for reporting.


In the following, we discuss different aspects of connected mode quality reporting.
Hypothetical NPDCCH parameters
The channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%. This is a similar definition as in MSG3 channel quality. Therefore, the same hypothetical NPDCCH profile used for MSG3 quality reporting can be re-used for connected mode quality reporting. Table 6.6.2.6-1 of TS 36.133 is reproduced here for reference:
Table 6.6.2.6-1: NPDCCH transmission parameters for downlink quality reporting.
	Parameters
	Values

	DCI format
	Format N1

	Number of information bits (excluding CRC)
	23bits

	System bandwidth
	200kHz

	Aggregation level
	2

	DRX
	OFF



Proposal 2. RAN4 to adopt Table 6.6.2.6-1 of TS 36.133 for DL quality reporting in connected mode.
Evaluation period
As discussed in Section 2, for MSG3 quality evaluation in anchor carrier, two evaluation periods T1 and T2 are used. For quality reporting in connected mode, evaluation period should be discussed. RAN4 has received an LS from RAN2 on the time interval needed to perform measurement in connected mode [3]:
1. Overall Description:
RAN2 has discussed DL channel quality reporting in connected mode for anchor and non-anchor access and agreed the DL channel quality of the configured carrier in RRC connected mode is reported by MAC CE. 
In order to evaluate whether the time between the instant the UE is able to start monitoring the configured carrier and the reception of UL assignment is enough to perform the measurement, RAN2 would like to ask RAN4 the time needed to perform the DL channel quality measurement of the configured carrier.

2. Actions:
To RAN4:
RAN2 kindly requests RAN4 to provide feedback on the time needed to perform the DL channel quality measurement of the configured carrier.


To be able to measure DL channel quality with reasonable accuracy, UE needs sufficient number of subframes with NRS. It is noted that in order to be able to send the channel quality report, UE needs an UL grant. The NPDCCH period which carriers the UL grant for quality reporting is a good candidate for evaluation period of channel quality measurement in connected mode as it belongs to USS and associated with unicast transmission. Moreover, it has sufficient number of NRS subframes as NPDDCH period is the repetition number which reflects the channel and SNR conditions. 
Proposal 3. RAN4 to adopt NPDDCH period which carries the UL grant for channel quality report as the evaluation period which UE can use to perform DL quality measurement in connected mode. 
We have also prepared a draft LS reply in [4] in line with the above proposal.  
Report mapping
The working assumption in RAN2 is that the same codepoints as in MSG3 can be used for reporting. If so, then MSG3-based report mapping of CQI-NPDCCH-NB in Table 9.1.22.15-1 and CQI-NPDCCH-Short-NB in Table 9.1.22.15-2 of TS36.133 can also be used for report mapping in connected mode.
Preliminary Proposal. RAN4 to use the MSG3-based measurement report mapping in Tables 9.1.22.15-1 and 9.1.22.15-2 of TS 36.133 for measurement report mapping in connected mode.
Accuracy requirements
The accuracy requirements for MSG3 channel quality reporting in anchor carrier is specified in Table 9.1.22.16-1. It approximately translates quality reporting with 6 dB accuracy (difference between R ≤ 1% BLER and R/4 with > 1% BLER) for SNR above -6 dB and 9 dB accuracy (difference between R ≤ 1% BLER and R/8 with > 1% BLER) for SNR below -6 dB. In connected mode, the same accuracy requirements can apply. Tightening the accuracy requirements is not even possible for short (2-bit) Table of 9.1.22.15-2 as the reporting granularity is coarse. Hence, it is proposed to use Table 9.1.22.16-1 for connected mode.
Table 9.1.22.16-1: DL channel quality reporting accuracy for UE Category NB1 in connected mode
	NPDCCH Repetition

	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot
	Io NOTE 1 range

	
	
	
	E-UTRA operating band groups NOTE 2
	Minimum Io
	Maximum Io

	
	
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	R NOTE 1
	≤1
	 -6 dB
	NFDD_G
	-122.9
	N/A
	-70

	R/4 NOTE 1
	>1
	 -6 dB
	NFDD_G
	-122.9
	N/A
	-70

	R NOTE 1
	≤1
	-15 ≤ Ês/Iot ≤ -6 dB
	NFDD_G
	- 122.9
	N/A
	-70

	R/8 NOTE 1
	>1
	-15 ≤ Ês/Iot ≤ -6 dB
	NFDD_G
	- 122.9
	N/A
	-70

	NOTE 1:	R is the reported NPDCCH repetition level that UE has reported in CQI-NPDCCH-NB or CQI-NPDCCH-Short-NB. 
NOTE 2:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 3:	E-UTRA operating band groups are as defined in Section 3.5. 



[bookmark: _GoBack]Preliminary Proposal. RAN4 to adopt the same accuracy requirement as in Table 9.1.22.16-1 of TS 36.133 for connected mode DL channel quality reporting.
Conclusions
Observation 1. A non-anchor carrier for paging is not necessarily the same as a non-anchor carrier for random access.
Observation 2. For a scenario where non-anchor carrier for random access is not the same as non-anchor carrier for paging, the evaluation period T1 cannot be applied to DL channel quality report in MSG3 of non-anchor carrier as the measurement in T1 was done on the anchor carrier that can have completely different interference, load, and channel conditions and can also be separated as far as 20 MHz apart. 
Observation 3. The evaluation period T2 remains applicable in non-anchor carrier as NRS presence is guaranteed in RAR window per specification. 
Observation 4. In a scenario where non-anchor carrier for paging and random access are identical, UE can perform NRSRP measurement on the non-anchor carrier in T1 period for DL quality channel reporting in MSG3 only if UE knows the paging occasions in which NRS is present. However, presence of NRS in paging occasions with no paging NPDCCH transmission is a separate Rel-16 feature that can optionally be enabled by the NW and is still under development in RAN1. 
Proposal 1. For MSG3 quality reporting in non-anchor carrier, RAN4 to agree to only use 
· evaluation period T2 if quality report is associated with non-anchor carrier.
· evaluation period T1 if quality report is associated with anchor carrier.

Proposal 2. RAN4 to adopt Table 6.6.2.6-1 of TS 36.133 for DL quality reporting in connected mode.
Proposal 3. RAN4 to adopt NPDDCH period which carries the UL grant for channel quality report as the evaluation period which UE can use to perform DL quality measurement in connected mode. 
Preliminary Proposal. RAN4 to use the MSG3-based measurement report mapping in Tables 9.1.22.15-1 and 9.1.22.15-2 of TS 36.133 for measurement report mapping in connected mode.
Preliminary Proposal. RAN4 to adopt the same accuracy requirement as in Table 9.1.22.16-1 of TS 36.133 for connected mode DL channel quality reporting.
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